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CLAIMS 
[Claim(s)] 

[Claim 1] In the thin film processing method of processing said thin film by irradiating a light 
beam at a thin film One irradiation unit of said light beam The irradiation to said thin film of the 
1st optical pulse, From the start of the irradiation to said thin film of this 1st optical pulse, give 
delay in time and are started. By consisting of irradiation to said thin film of the 2nd optical 
pulse, and carrying out by repeating irradiation of the 1 above-mentioned irradiation unit, 
process said thin film and [ said 1st / the / and said 2nd optical pulse ] (Pulse width of said 1st 
optical pulse) The thin film processing method characterized by filling > (pulse width of said 
2nd optical pulse). 

[Claim 2] It is the thin film processing method characterized by said 1st [ the ] and said 2nd 
optical pulse filling further >= (irradiation intensity of said 1st optical pulse) (irradiation intensity 
of said 2nd optical pulse) in the thin film processing method according to claim 1. 
[Claim 3] It is the thin film processing method characterized by said 1st [ the ] and said 2nd 
optical pulse filling further <= (irradiation intensity of said 1st optical pulse) (irradiation intensity 
of said 2nd optical pulse) in the thin film processing method according to claim 1 . 
[Claim 4] In the thin film processing method according to claim 3, said thin film is an a-Si:H 
film. It is the thin film processing method which is for irradiation of said 1st optical pulse making 
hydrogen secede from said a-Si:H film beforehand, and is characterized by being for irradiation 
of said 2nd optical pulse performing melting recrystallization of said a-Si:H film. 
[Claim 5] In the thin film processing unit which processes said thin film by irradiating a light 
beam at a thin film The 1st source of pulsed light which generates the 1st optical pulse, and 
the 2nd source of pulsed light which generates the 2nd optical pulse, One irradiation unit of 
said light beam The irradiation to said thin film of said 1st optical pulse, From the start of the 
irradiation to said thin film of this 1st optical pulse, give delay in time and are started. Consist 
of irradiation to said thin film of said 2nd optical pulse, have a means to process said thin film 



http://dossierl .ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3 A%2F%2Fdossier 1 %2Ei... 4/1 7/06 



JP,2001-326190,A [CLAIM + DETAILED DESCRIPTION] 



Page 2 of 18 



by repeating irradiation of the 1 above-mentioned irradiation unit, and performing it, and [ said 
1st / the / and said 2nd optical pulse ] (Pulse width of said 1st optical pulse) The thin film 
processing unit characterized by filling > (pulse width of said 2nd optical pulse). 
[Claim 6] It is the thin film processing unit characterized by said 1st [ the ] and said 2nd optical 
pulse filling further >= (irradiation intensity of said 1st optical pulse) (irradiation intensity of said 
2nd optical pulse) in a thin film processing unit according to claim 5. 

[Claim 7] It is the thin film processing unit characterized by said 1st [ the ] and said 2nd optical 
pulse filling further <= (irradiation intensity of said 1st optical pulse) (irradiation intensity of said 
2nd optical pulse) in a thin film processing unit according to claim 5. 

[Claim 8] In a thin film processing unit according to claim 7, said thin film is an a-Si:H film. It is 
the thin film processing unit which is for irradiation of said 1st optical pulse making hydrogen 
secede from said a-Si:H film beforehand, and is characterized by being for irradiation of said 
2nd optical pulse performing melting recrystallization of said a-Si:H film. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the equipment which forms the good 
semiconductor-insulation membrane interface for applying to the silicon thin film and field 
effect transistor which are used for a crystalline silicon thin-film transistor. Moreover, this 
invention relates to the manufacturing installation of the semiconductor thin film which used the 
pulse laser beam. Furthermore, this invention relates to the equipment for manufacturing the 
driver element or drive circuits which are constituted by the above-mentioned semiconductor 
thin film or the electric field effect type thin-film transistor, such as a display and a sensor. 
[0002] 

[Description of the Prior Art] As typical technology which forms a thin-film transistor (TFT) on a 
glass substrate, hydrogenation amorphous silicone TFT technology and polycrystalline silicon 
TFT technology are mentioned. The former is about 300 degrees C in production process 
highest temperature, and has realized carrier mobility about mobility of 1cm 2/Vsec. This 
technology is used as a switching transistor of each pixel in an active-matrix type (AM) liquid 
crystal display (LCD), and is driven by the driver integrated circuit (IC, LSI formed on the single 
crystal silicon substrate) arranged around a screen. Since the switching element TFT sticks for 
every pixel, it has the feature that a cross talk etc. is reduced and good picture quality can be 
acquired compared with passive-matrix type LCD which sends the electric information for a 
liquid crystal drive from a peripheral driver circuit. On the other hand, the latter can obtain the 
performance of 30-1 00cm of carrier mobility 2 / Vsec, for example using a quartz substrate by 
using about 1000-degree C LSI and a similar high temperature process. Simultaneously 
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[ when it applies, for example to a liquid crystal display ] with the pixel TFT which drives each 
pixel, realization of such high carrier mobility has an advantage about reduction of the 
manufacture process cost that even a circumference drive circuit part can form simultaneously 
on the same glass substrate, and a miniaturization. It is because the connection pitch of AM- 
LCD substrate and a peripheral driver integrated circuit narrow-izes by a miniaturization and 
high resolution-ization and it can be coped with by neither tab connection nor the wire-bonding 
method. However, in polycrystalline silicon TFT technology, when using the above high 
temperature processes, the inexpensive low softening point glass which the former process 
can use cannot be used. Then, temperature reduction of the polycrystalline silicon TFT 
process is needed, and low-temperature formation technology of the polycrystalline silicon film 
in which laser crystallization technology was applied is studied and developed. 
[0003] Generally such laser crystallization is realized by the pulse laser irradiation equipment 
of composition as shown in drawing 15 . The laser light supplied from the pulse laser light 
source 1101 minds the optical path 1106 specified by the optical element group of the beam 
homogenizer 1 104 grade installed in order to perform equalization of a mirror 1 102, 1 103, 
1105, and spatial intensity. The silicon thin film 1107 on the glass substrate 1109 which is an 
irradiated object is reached. Since 1 irradiation range is generally small compared with a glass 
substrate, laser radiation to the arbitrary positions on a substrate is performed by moving the 
glass substrate on the xy stage 1 109. The method of combining moving an above-mentioned 
optical element group instead of, and an optical element group and a stage is also possible. 
[ xy stage ] Laser radiation may be performed in a vacuum or under a high grade gas 
atmosphere within a vacuum chamber. Moreover, it has the cassette 1110 containing a glass 
substrate with a silicon thin film, and the substrate conveyance mechanism 1111 if needed, 
and extraction storage of a cassette and the substrate between stages can also be performed 
mechanically. 

[0004] Moreover, a short wavelength pulse laser beam is irradiated, the amorphous silicon thin 
film on an amorphous board is crystallized, and the technology applied to a thin-film transistor 
is indicated by JP,H7-118443,B. Without making the whole substrate into high temperature 
according to this technique, since crystallization of amorphous silicon is possible, there is an 
advantage that the semiconductor device to ah inexpensive substrate top, such as a large area 
of a liquid crystal display etc. and glass, and Integrated Circuit Sub-Division are producible. 
However, about two 50-500 mJ/cm irradiation intensity is required for crystallization of the 
amorphous silicon thin film by short wavelength laser as the above-mentioned gazette is 
described. On the other hand, the radiant power output of the pulse laser equipment which can 
be obtained at the general present is about a maximum of 1 J/pulse, and the area which can 
be irradiated at once also by simple conversion is only about two two to 20 cm. In order to 
follow, for example, to carry out laser crystallization of the board size entire substrate of 
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47x37cm, laser radiation is needed for at least 87 to 870 places. If board size is expanded like 
aim angle, the number of irradiation parts will increase similarly. Generally such laser 
crystallization is realized by the pulse laser irradiation equipment of composition as shown in 
drawing 15 as mentioned above. 

[0005] In order to form a thin film semiconductor element group uniformly on a large area 
substrate by the above-mentioned method As [ indicate / by JP.H5-21 1 167.A (Tokuganhei3- 
315863) ] The elements are divided smaller than the beam size of laser, and it is known that 
the method of repeating migration +- of the migration + number pulse irradiation + irradiation 
area of a number pulse irradiation + irradiation area by step-and-repeat one is effective. As 
shown in drawing 16 (2), the oscillation of laser and migration of a stage (namely, a substrate 
or a beam) are the methods performed by turns. However, the pulse laser equipment about 
[ which may be obtained also with this technique now ] **5 to 10% (at the time of a continuous 
oscillation) of oscillation intensity homogeneity is used. For example, when irradiation of 1 
pulse / place - a 20 pulses / place grade was repeated, oscillation intensity variation exceeded 
**5 to 10%, and there was a problem that it did not have homogeneity with sufficient 
polycrystalline silicon thin film and polycrystalline silicon thin film transistor characteristics 
which are acquired as a result. The development of strong light or weak light resulting from the 
instability of electric discharge in early stages of [ which is called especially spiking ] laser 
oscillation poses a problem of uneven-izing. By a method which controls the applied voltage at 
the time of the next oscillation by an addition intensity result in order to perform this 
amendment, although the development of spiking could be controlled, there was a problem of 
oscillating weak light on the contrary. As shown in drawing 17 , when irradiation time and non- 
oscillating time continue by turns, most, the 1st pulse intensity oscillated by each irradiation 
time is unstable, and Namely, since [ variation or since it becomes empty and an irradiation 
intensity history changes with irradiation parts ], There was a problem that sufficient 
homogeneity of the transistor element in a substrate side and a thin film integrated circuit was 
not acquired. [ as the evasion method of such spiking, as shown in drawing 16 (1), the method 
of avoiding laser oscillation by starting from before irradiation starting to an element formation 
region is known, but ] When the oscillation of laser and migration of a stage as shown in 
drawing 16 (2) repeated intermittently, there was a problem of being inapplicable. 
[0006] That these problems should furthermore be avoided, by JP.H5-90191.A, while carrying 
out the continuous oscillation of the pulse laser light source, during the diakinesis stage of a 
stage, the method of preventing the irradiation to a substrate using optical cover equipment is 
proposed. That is, irradiation was made possible to the radiation position of the request of the 
laser light where intensity was stabilized by carrying out the continuous oscillation of the laser 
on a certain frequency, as shown in drawing 16 (3), and synchronizing migration of a stage to 
a desired radiation position, and cover of an optical path. However, although the irradiation to 
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/ the substrate where the laser beam was stabilized is attained according to this method The 
useless laser oscillation which does not contribute to polycrystalline silicon thin film formation 
increases. Since the productive efficiency of the polycrystalline silicon thin film to the electric 
power which the productivity and laser oscillation of the polycrystalline silicon thin film to the 
life of an expensive laser light source or excitation gas take fell, there was a problem of 
causing the rise of a production cost. Moreover, if too much strong light is irradiated by 
irradiation intensity dispersion compared with a desired value, a substrate damage will also 
produce the substrate with which laser is exposed. In imaging devices, such as LCD, the light 
which penetrates a substrate caused dispersion etc. in the field which received the damage on 
a substrate, and there was a problem that deterioration of picture quality arose. 
[0007] When [ now, ] performing the above laser radiation [ two or more pulses ] [ a certain 
time delay ] Give and the method of irradiating Well-known data:Ryoichi Ishihara et al."Effects 
of light pulse duration on excimer laser crystallization characteristics of silicon thin films" and 
Japanese journal of applied It is indicated by physics, vol.34, No.4A (1995), and pp1759. 
According to the above-mentioned well-known data, the crystallization solidification speed of 
the melted silicon in a laser recrystallization process is 1m/sec or more, and in order to obtain 
good crystal growth, reduction of solidification speed is required for it. A small recrystallization 
process of solidification speed can be acquired more by the 2nd irradiation by irradiating the 
2nd laser pulse immediately after completing solidification. Now, [ according to the temperature 
change (time history curve) of silicon as shown in drawing 18 ] The temperature of silicon rises 
with irradiation of laser energy (for example, intensity pulse shown in drawing 19 ), and if 
temperature is further less than a value [ a temperature rise ] a rise and supplying of energy 
after passing through the melting point of a-Si when the charge of a start material is a-Si, 
cooling will start. In the coagulating point of Crystal Si, after solidification is completed through 
coagulation time, it is cooled to ambient temperature. Here, supposing solidification of silicon 
goes to a thickness direction with a silicon substrate interface as the starting point, the average 
of the above-mentioned solidification speed is expressed with the following formulas. 
[0008] The average of solidification speed = if the thickness / coagulation time of silicon, i.e., 
the thickness of silicon, are constant, in order to make solidification speed small, long-time- 
izing of coagulation time is effective. Therefore, if it is the process which maintained conditions 
ideal in thermal equilibrium study, expansion of coagulation time is possible by enlarging, ideal 
energy, i.e., laser irradiation energy, to supply. However, increase of irradiation energy had the 
problem of causing membranous amorphous-izing and crystallite-ization as pointed out also in 
the above-mentioned well-known document. In realistic melting and recrystallization process, 
an ideal temperature change like drawing 18 is not shown, but a stable state is reached 
through supercooling process at the time of the fault rise of temperature, and cooling at the 
time of heating. It is because an amorphous (amorphous) solid is formed of forced cooling 
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solidification, without crystallization near the coagulating point arising, when passing through 
supercooling with it. [ too much / especially the cooling rate at the time of cooling is large, and ] 
According to conditions, it is not amorphous and a crystallite object may be formed as the thin 
film is described also in the above-mentioned well-known literature. Since the crystallite object 
of the particle diameter is extremely small compared with a polycrystalline thin film or a single 
crystal film, many grain boundaries where grain boundary potential is big exist, for example, it 
has the problem of causing the fall of ON-state current, or increase of OFF leakage current, in 
the application to a thin-film transistor. 
[0009] 

[Problem to be solved by the invention] There is the purpose of this invention in offering the 
technology/equipment for applying the technology with sufficient reproducibility on a large area 
substrate while offering the technology which is a high throughput and forms a silicon thin film 
with small trap level density in a large area by optical irradiation that the problem which the 
account of the upper has described should be conquered. 

[0010] Another purpose of this invention is to offer the equipment which manufactures the field 
effect transistor which used those good silicone films, namely, has outstanding characteristics. 
[0011] 

[Means for solving problem] (1) In the thin film processing method of processing said thin film 
by irradiating a light beam at a thin film according to this invention One irradiation unit of said 
light beam The irradiation to said thin film of the 1st optical pulse, From the start of the 
irradiation to said thin film of this 1st optical pulse, give delay in time and are started. By 
consisting of irradiation to said thin film of the 2nd optical pulse, and carrying out by repeating 
irradiation of the 1 above-mentioned irradiation unit, said thin film is processed and said 1st 
[ the ] and said 2nd optical pulse are > (pulse width of said 1st optical pulse) (pulse width of 
said 2nd optical pulse). 

******** - the thin film processing method characterized by things is obtained. 
[0012] (2) According to this invention, in the thin film processing method given in the above (1), 
said 1st [ the ] and said 2nd optical pulse are >= (irradiation intensity of said 1st optical pulse) 
(irradiation intensity of said 2nd optical pulse). 

Furthermore, the thin film processing method characterized by filling is obtained. 
[0013] (3) According to this invention, in the thin film processing method given in the above (1), 
said 1st [ the ] and said 2nd optical pulse are <= (irradiation intensity of said 1st optical pulse) 
(irradiation intensity of said 2nd optical pulse). 

Furthermore, the thin film processing method characterized by filling is obtained. 
[0014] (4) According to this invention, set to the thin film processing method given in the above 
(3). Said thin film is an a-Si:H film, it is for irradiation of said 1st optical pulse making hydrogen 
secede from said a-Si:H film beforehand, and the thin film processing method characterized by 
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being for irradiation of said 2nd optical pulse performing melting recrystallization of said a-Si:H 
film is obtained. 

[0015] (5) In the thin film processing unit which processes said thin film by irradiating a light 
beam at a thin film according to this invention The 1st source of pulsed light which generates 
the 1st optical pulse, and the 2nd source of pulsed light which generates the 2nd optical pulse, 
One irradiation unit of said light beam The irradiation to said thin film of said 1st optical pulse, 
From the start of the irradiation to said thin film of this 1st optical pulse, give delay in time and 
are started. It consists of irradiation to said thin film of said 2nd optical pulse, and has a means 
to process said thin film by repeating irradiation of the 1 above-mentioned irradiation unit, and 
performing it, and said 1st [ the ] and said 2nd optical pulse are > (pulse width of said 1st 
optical pulse) (pulse width of said 2nd optical pulse). 
******** - the thin film processing unit characterized by things is obtained. 
[0016] (6) According to this invention, in a thin film processing unit given in the above (5), said 
1st [ the ] and said 2nd optical pulse are >= (irradiation intensity of said 1st optical pulse) 
(irradiation intensity of said 2nd optical pulse). 

Furthermore, the thin film processing unit characterized by filling is obtained. 
[0017] (7) According to this invention, in a thin film processing unit given in the above (5), said 
1st [ the ] and said 2nd optical pulse are <= (irradiation intensity of said 1st optical pulse) 
(irradiation intensity of said 2nd optical pulse). 

Furthermore, the thin film processing unit characterized by filling is obtained. 
[0018] (8) According to this invention, set to a thin film processing unit given in the above (7). 
Said thin film is an a-Si:H film, it is for irradiation of said 1st optical pulse making hydrogen 
secede from said a-Si:H film beforehand, and the thin film processing unit characterized by 
being for irradiation of said 2nd optical pulse performing melting recrystallization of said a-Si:H 
film is obtained. 

[0019] In order to expand processing area, with the irradiation intensity per desired unit area 
maintained, it is effective to enlarge emitted energy per pulse. In a gas laser like excimer laser, 
the pulse width of a luminous source becomes large by enlarging light-emitting space etc. 
Furthermore, although control of a cooling rate is possible by delaying the 1st pulse and 
irradiating at least one pulse (the 2nd pulse) The 2nd pulse intensity used here is small 
compared with intensity (the 1st pulse intensity) required for melting recrystallization, and the 
source of pulsed light where an output is small can be used compared with the source of the 
1st pulsed light. Then, a luminous source with a big output is used for the source of the 1st 
pulsed light, processing area is expanded, an output (pulse irradiation intensity) is small with 
the beam after the 2nd pulse, and cooling rate control is performed by using the smaller laser 
of pulse width. As mentioned above, offer of equipment with high cost performance is attained. 
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[0020] On the other hand, in order to urge the crystal growth using melting recrystallization 
process, sufficient temperature rise (melting) and control (crystal growth) of a cooling rate are , 
effective, however, since the injection of energy is performed for a short time in the 1st pulse 
for melting, when a-Si:H is used as a melting recrystallization material, in connection with 
heating, hydrogen is rapid - secession and discharge of are done and thin film surface 
roughness arises. Formation by a plasma-CYD method is possible for an a-Si:H film, and it is a 
melting recrystallization material suitable for the improvement in a throughput. In order to 
prevent a rapid secession of hydrogen, it is necessary to heat below to melting temperature 
and to remove hydrogen beforehand. Then, after making it secede from hydrogen gradually 
when peak intensity (or pulse irradiation intensity) irradiates a low light with long pulse width 
(the 1st pulse) rather than the laser pulse (the 2nd pulse) used for melting recrystallization, the 
2nd pulse required for melting recrystallization is irradiated. Irradiation of the 2nd pulse is 
irradiated to one of timing after the termination of luminescence of the 1st pulse, or during 
luminescence of the 1st pulse. On the conditions that luminescence of the 1st pulse continues 
also even after luminescence of the 2nd pulse, the cooling rate reduction effect at the time of 
recrystallization is also acquired. 

[0021] The threshold of the maximum cooling rate (Cooling rate, K/sec) for which the silicon 
thin film of 75nm of thickness was asked at drawing 1 1 from the numerical computation at the 
time of irradiating excimer laser with a wavelength of 308nm, and the irradiation intensity of the 
formation of crystallization-crystallite obtained from SEM observation of the film after laser 
radiation is shown. Drawing 19 is the luminescence pulse waveform of the laser used for the 
experiment. It has three main peaks and emission time amounts to about 120ns. Since such a 
pulse waveform has the emission time of 5 times or more compared with the rectangular pulse 
of 21 .4ns of pulse width indicated in the above-mentioned well-known data, even if it is single 
pulse irradiation, it can expect the effect of reduction of solidification speed which is described 
in the above-mentioned well-known data. Now, the temperature-time curve of the silicon for 
which it asked from the numerical computation at the time of the laser recrystallization using 
such a pulse waveform comes to be shown in drawing 12 . Drawing 12 shows the temperature 
change of the silicon thin film at the time of Si02 and XeCI laser (wavelength of 308nm) 
irradiation intensity 450 mJ/cm2 to 75nm of silicone film thickness, and a substrate. About 
60ns after the 2nd luminescence peak is completed mostly, the highest temperature is reached 
and it changes to cooling. (In addition, by number value calculation, the value of amorphous 
silicon is used as melting and a coagulating point, and behavior of near a coagulating point 
differs from an actual thing.) When especially a crystallization film is obtained, crystallization is 
completed with the coagulating point of crystalline silicon. Although cooling is started with once 
big inclination, it turns out that the inclination which is about 100ns when the 3rd peak exists 
becomes very small. Henceforth [ 120ns which luminescence ends completely ], it solidifies 
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through an again rapid cooling process. In the case of the solidification process from a liquid in 
which it generally passed through "quenching" which separates from thermal equilibrium 
process greatly, sufficient coagulation time required for formation of a crystal structure cannot 
be acquired, but an amorphous (amorphous) solid is formed. Above-mentioned drawing 1 1 is 
the result of estimating the maximum cooling rate after termination of luminescence from the 
temperature-time curve of silicon as shown in drawing 12 to each irradiation intensity.. It turns 
out that a cooling rate increases with increase of irradiation intensity. On the other hand, 
although particle diameter once increased with increase of irradiation intensity as shown in 
drawing 13 when the structure of the silicon thin film after laser radiation was observed using 
the scanning electron microscope, crystallite-ization was observed on about two 470 mJ/cm 
setting irradiation intensity conditions. When an irradiation pulse number was similarly made 
into three pulses, although the crystallite-ized field remained partially, unlike the time of one 
pulse, fast increase of particle diameter was observed also on about two 470 mJ/cm setting 
irradiation intensity conditions ( drawing 13 ). In addition, since [ of excimer laser ] it becomes 
high about 5 to 10% especially in the first number pulse compared with a set point, crystallite- 
ization can arise, it comes, the real irradiation intensity can be, and intensity can be estimated 
to be about two 500 mJ/cm. The above results showed producing crystallite-ization by 
estimating a cooling rate from 500 mJ/cm2 conditions of drawing 1 1 on the cooling rate 
conditions of about 1 .6x1 01 0 degrees C/sec or more, comparing with a-Si, when an irradiated 
film is a-Si, an irradiated film is poly-Si and crystallite-ization applies this cooling rate similarly 
with two or more about 500 mJ/cm irradiation intensity - about 30 mJ/cm2 - large irradiation 
intensity is suggested. Therefore, by controlling a cooling rate in 1.6x1010 degrees C/sec or 
less, crystallite-izing and amorphous-ization can be prevented and it becomes possible to 
acquire a good crystal growth process. 

[0022] The case where the 2nd laser light is delayed and introduced into the 1st laser light is 
described. As already stated, while the laser light in the second half of luminescence eases 
increase of a cooling rate, the cooling rate after termination of luminescence governs 
crystallization. That is, it is thought that the cooling process before it is initialized by the energy 
finally supplied. Furthermore, energy is saved even if amorphous-izing by quenching and 
crystallite-ization have arisen in the solidification process before it by supplying additional 
energy (it is thought for nanosecond order and a short time that radiation in the heat 
conduction to a substrate and atmosphere is small.). The time which can emit heat sufficient, 
of course is taken into consideration, twisted and accumulated, and is once initialized, and it is 
thought that solidification process is repeated again. Therefore, by observing the cooling rate 
after termination of secondary heating by the energy supplied again, good crystal growth is 
expectable. A cooling rate is controlled to a desired value by controlling a time delay to be 
shown in drawing 14 . 
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[0023] 

[Mode for carrying out the invention] Drawing 1 is an example showing the form of operation of 
this invention. Each oscillation start timing is expressed with a figure horizontal axis, and the 
irradiation energy (namely, pulse irradiation intensity) of each pulse is shown by the area with 
which a pulse expresses. Drawing 1 (a) is a figure showing the form which the 2nd pulse laser 
was delayed compared with the 1st pulse laser, and was oscillated. Moreover, drawing 1 (b) 
shows the form which supplies the 2nd pulse, after the oscillation of the 1st pulse is completed. 
Since time until light actually oscillates from supply of the trigger signal for oscillation control 
may change with forms of each laser equipment, it finds each "trigger oscillation" time 
beforehand, and it controls it so that irradiation becomes possible simultaneously. Since the 
luminescence intensity of the 1st pulse is large (equivalent to the area of the pulse waveform in 
a figure) and emission time is long compared with the 2nd pulse (equivalent to pulse width), 
especially melting process is governed more by the 1st pulse among melting solidification 
process. That is, crystallization of a simultaneous more big area is possible. However, when 
performing melting recrystallization only by the 1st pulse, since the quantity of heat supplied 
with the increase in irradiation intensity increases, slow cooling is carried out in macroscopic. 
However, if the maximum cooling rate in the very short time in the inside of a laser irradiation 
process increases as shown in drawing 17 , and a certain criticality cooling rate is exceeded, it 
will deviate from a thermal equilibrium state with an ideal solidification process, and crystallite- 
izing or amorphous-ization will be observed in the film obtained as a result. Since the above- 
mentioned maximum cooling rate is reached immediately after irradiating the peak portion of 
an irradiation pulse, before completing cooling enough, it can return to a molten state again by 
supplying additional energy, the above -- although it is more desirable as a supply means of 
additional energy that pulse width irradiates a long pulse with small peak intensity, the 2nd 
pulse comes out enough with a compact luminous source on equipment cost in order not to 
require high irradiation intensity compared with the 1st pulse. The luminous source with long 
pulse width is comparatively large, and since it becomes big-ticket equipment, for manufacture 
cost control, its small luminous source with small pulse width is desirable. By taking the above 
methods, the deviation to process in which it does not balance can be prevented and slow 
cooling solidification process can be realized through remelting. The time delay of the 2nd 
pulse needed to be beforehand found in the experiment, in order to be dependent on the 
intensity of the 1st pulse, and a pulse waveform, but in this example, about 50 to 200ns was 
suitable for it. Since the pulse width used as the 1st pulse was about 120ns, it was controlled 
by the conditions on which a time delay exceeds 120ns to be shown in drawing 1 (b) so that 
the 2nd pulse was irradiated after the termination of luminescence of the 1st pulse. 
[0024] On the other hand, the form of operation at the time of making the 1st pulse intensity 
smaller than the 2nd pulse intensity is shown in drawing 1 (c). since the injection of energy is 
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performed for a short time in the 2nd pulse for melting when a-Si:H is used as a melting 
recrystallization material, in connection with heating, hydrogen is rapid - secession and 
discharge of are done and thin film surface roughness arises. When heat gradually according 
to the 1st pulse, the hydrogen atom in a film is made to emit in advance of it and hydrogen 
concentration falls to some extent, the 2nd pulse for melting is irradiated. Irradiation of the 2nd 
pulse is irradiated to one of timing after the termination of luminescence of the 1st pulse, or 
during luminescence of the 1st pulse. On the conditions that luminescence of the 1st pulse 
continues also even after luminescence of the 2nd pulse, the cooling rate reduction effect at 
the time of recrystallization is also acquired. Since formation by a plasma-CVD method is 
possible for an a-Si:H film, it also has the advantage that melting recrystallization material can 
be supplied by a high throughput compared with the LPCVD method etc. 
[0025] Drawing 2 is an example showing the form of operation of this invention. The pulse UV 
light supplied from the 1st excimer laser EL 1 and the 2nd excimer laser EL 2 is led to 
homogenizer opt20' through mirrors opt3, opt3', and lenses opt4. It operates orthopedically so 
that the intensity profile of a beam may become with the optical mask opt21 here, desired **5% 
of uniformity coefficient, for example, field internal division cloth. (Since the intensity profile and 
total energy amount may change for between [ every ] pulses, as for the original beam 
supplied from excimer laser, it is desirable to establish a mechanism to equalize the intensity 
on an optical mask more about dispersion between spatial distribution and pulses.) Generally 
the thing using the fly eye lens and the cylindrical lens as a homogenizer is used. The light 
pattern formed with the above-mentioned optical mask minds reduced-projection-exposure 
equipment opt23' and the laser introduction window WO. subO substrate installed in the 
vacuum chamber CO glares. The above-mentioned substrate is laid on the substrate stage SO, 
and can expose a light pattern by operation of a substrate stage, desired field exO, for 
example, pattern transfer field. Although drawing 2 showed the reduction projection optical 
system, depending on the case, you may perform actual size and extended projection. 
Irradiation is performed to the arbitrary fields on a substrate by migration (X-Y in a figure) of a 
substrate stage. Moreover, the above-mentioned optical mask is installed on a mask stage (not 
shown), and if it is in an exposure feasible region, it is also possible to operate the beam to 
which the above-mentioned optical mask is moved and which is irradiated on a substrate. 
[0026] Next, it illustrates about a mechanism required since it glares on a substrate on 
condition of a request of a desired light pattern. Since delicate adjustment is needed for 
adjustment of an optical axis, how to fix the optical axis which once finished adjustment and to 
adjust the position of a substrate is shown. The position of the substrate irradiation surface 
over an optical axis needs to amend the degree of perpendicularity to the direction position of 
(Focus Z), and an optical axis. Therefore, while the thetaxy inclination amendment direction in 
a figure, the thetaxz inclination amendment direction, the thetayz inclination amendment 
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direction, the X exposure region migration direction, the Y exposure region migration direction, 
and the direction of Z focusing show, adjustment of the thetaxy inclination amendment 
direction, the thetaxz inclination amendment direction, and the thetayz inclination amendment 
direction amends the degree of perpendicularity to an optical axis. Moreover, configuration 
control of the substrate irradiation surface is carried out to the position which suited the depth 
of focus of the optical system by adjusting the direction of Z focusing. 
[0027] Drawing 3 illustrated about the above-mentioned adjustment or the side view of the 
alignment mechanism of a substrate. To the exposure axis L0, the optical mask opt21 , 
reduced-projection-exposure equipment opt23', and the laser introduction window WO are 
arranged, as shown in a figure. The substrate subO arranged in the vacuum chamber CO is 
arranged on the heater HO with a substrate adsorption mechanism, and substrate 
XYZthetaxythetaxzthetayz stage SO'. Although the vacuum chamber is used, as for actual 
optical irradiation, it may be desirable to be carried out in the atmosphere of the inert gas 
replaced after evacuation, hydrogen, oxygen, nitrogen, etc., and ambient pressure may also be 
the pressure before and behind atmospheric pressure. About [ room temperature -400 degree 
C ] substrate-heating conditions can be chosen by using a heater with a substrate adsorption 
mechanism at the time of optical irradiation. Since adsorption of the substrate by a vacuum 
chuck function can be performed by making ambient pressure into an atmospheric pressure 
power grade as mentioned above, even if there is migration of the substrate stage within a 
chamber etc., a gap can be prevented, some curve to the thrown-in substrate, and even if 
there is bending, it is fixable to a substrate stage. Furthermore the substrate by heating can 
curve and the depth-of-focus gap by bending can be suppressed to the minimum. 
[0028] The laser interferometer i1 and i2 measure alignment of a substrate and the Z direction 
position of a substrate through window W-i for length measurement, and mirror opt-i for length 
measurement. In alignment, the alignment mark on a substrate is measured using the off-axis 
microscope mO, the luminous source Lm for microscopes, and element opt-m for microscopes, 
and a desired exposure position can be measured to it using the substrate positional 
information by a laser interference system. Although the off-axis method was illustrated in 
drawing 3 , they are a Through The Lens method and Through The Mask. It is also possible to 
apply a method (Reticle). Moreover, means to equalize the error of measurement produced at 
the time of Measurement Division can also be taken by determining, linearity coordinates using 
a least-squares method from two or more Measurement Division points. 
[0029] Drawing 4 (A) The relation between a mask pattern and an alignment mark was shown 
in - (C). A mask consists of a mask (non-exposed area) maskl and a mask (exposure part) 
mask2. For example, when using excimer laser as a luminous source, on the quartz substrate 
which ultraviolet light penetrates, metal, such as aluminum, chromium, and tungsten, and the 
film reflected [ which reflects and absorbs ultraviolet light called a dielectric multilayer ] are 
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formed, and a pattern is formed using photo lithography and etching technology. As a silicone 
film is exposed and it is shown in drawing 4 (B) according to the pattern ( drawing 4 (A) is 
shown by the white part) of the request on a mask, the exposure Si section (Si2) is formed in 
un-exposing Si (Si1). At this time, it becomes possible by carrying out alignment adjustment 
postexposure so that the mark markl on a mask may be in agreement with the mark mark2 on 
a substrate if needed to expose the position on a silicon thin film designed beforehand. 
Moreover, it sets to the thin-film transistor formation process using the above-mentioned silicon 
thin film. [ in the case of the 1st process for which an exposure process needs positioning ] by 
exposing the exposure formation mark mark3 simultaneously at the time of the exposure 
process to a silicon thin film (namely, when the alignment mark not being formed beforehand) 
The alignment mark using the optical color difference of a-Si and Crystal Si can be formed. 
Therefore, by performing the photo lithography in a back process etc. on the basis of this mark, 
a transistor, a desired mechanism, and a function can be made to the field of the request by 
which exposure reforming was carried out. A Si oxide film is formed on an after [ an exposure 
process ] silicon thin film, and the state where etching removing of the field of a request of a 
silicon layer was carried out is shown in drawing 4 (C). The laminated silicone film and a Si 
oxide film are the fields by which etching removing was carried out, and Si removal parts (Si3) 
are un-exposing Si (Si1) and Exposure Si. The form by which the Si oxide film (Si4, Si5) was 
laminated is shown above (Si2). Thus, a mark required for the alignment of the channel/source 
drain area of a thin-film transistor, or a back process separated between elements can be 
formed by making the island-shape structure which consists of a silicone film covered with the 
oxide film. 

[0030] The timing chart of main operation is shown in drawing 5 (1) and (2). In the example 1 
of control, a substrate is moved to a desired exposure position by operation of a substrate 
stage. Next, focusing and alignment operation are performed and an exposure position is 
adjusted precisely. It adjusts to the desired setting error accuracy of this time of about, for 
example, 0.1 micrometer - 100 micrometers, so that it may be. When the operation is 
completed, the optical irradiation to a substrate is performed. When these operation of a series 
of is ended, after a substrate's moving to the next exposure region and carrying out termination 
of irradiation of the required part on a substrate, it is exchanged and a substrate performs a 
series of predetermined processings on the 2nd processing board. In the example 2 of control, 
a substrate is moved to a desired exposure position by operation of a substrate stage. Next, 
focusing and alignment operation are performed and an exposure position is adjusted 
precisely. It adjusts to the desired setting error accuracy of this time of about, for example, 0.1 
micrometer - 100 micrometers, so that it may be. When the operation is completed, operation 
of a mask stage is put into operation. In order to avoid dispersion in the amount of migration 
steps at the time of starting, the optical irradiation to a substrate is a chart started after the start 
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of mask stage operation. Since the point which is distant from an alignment position, of course 
with migration of a stage is exposed, it cannot be overemphasized that it is necessary to take 
the offset amount of the part into consideration beforehand. When operation of a luminous 
source is started earlier than the optical irradiation to a substrate and the stability of the output 
intensity of a luminous source increases, it is also possible to open a shutter etc. and to 
perform the optical irradiation to a substrate. When the directions that especially excimer laser 
is used for a luminous source, and an oscillation period and a stop period are repeated are 
taken, It is known that especially several 10 early pulses are unstable, and the method which 
intercepts a beam to compensate for operation of a mask stage can be taken to irradiate these 
unstable laser pulses. When these operation of a series of is ended, after a substrate's moving 
to the next exposure region and carrying out termination of irradiation of the required part on a 
substrate, it is exchanged and a substrate "performs a series of predetermined processings on 
the 2nd processing board. 

[0031] The beam of 1mm x 50micrometer was scanned in the 0.5-micrometer pitch in the 
direction of brachyaxis to a-Si thin film of 75nm of thickness. When laser radiation intensity 
was made into 470 mJ/cm2 in the irradiation surface using one luminous source, the single- 
crystal-silicon thin film which follows a scanning direction was obtained. Furthermore, on the 
conditions which the 2nd luminous source was delayed for 100ns so that it might become 150 
mJ/cm2 in an irradiation surface, and were irradiated, the single-crystal-silicon thin film which 
follows a scanning direction also on 1 .0-micrometer scanning pitch conditions was obtained. 
The trap level density in the above-mentioned crystallized silicon film showed the value lower 
than 1012 cm-2. 

[0032] Drawing 6 is the side view of the semiconductor thin film deposition system in which the 
form of operation of this invention is shown. It is possible among a vacuum in the state of 
atmosphere, such as inert gas, nitrogen, hydrogen, and oxygen, and a high vacuum, pressure 
reduction, and pressurization, without consisting of a plasma-CVD room C2, a laser radiation 
room C5, and a substrate conveyance room C7, and conveyance of a substrate touching the 
atmosphere of the equipment exterior through a gate valve GV2 and GV5. On S5 substrate 
stage which can be heated to about 400 degrees C at a laser radiation room, a zipper 
mechanism is used and a substrate is installed. At a plasma-CVD room, a substrate is installed 
on the substrate holder S2 which can be heated to about 400 degrees C. In this example, 
where a silicon thin film (Si 1) is formed on the glass substrate SubO, it is introduced into a 
. laser radiation room, and reforming of the surface silicon thin film is carried out to a crystalline 
silicon thin film (Si 2) by laser radiation, and the state where it was conveyed at the plasma- 
CVD room is shown. 

[0033] The laser light introduced into a laser radiation room Excimer laser 1 (EL 1), The beam 
supplied from excimer laser 2 (EL 2) passes along the 1st beam line L the 1 and 2nd beam line 
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L 2. [ the optical mask opt 21 fixed to laser synthetic light study equipment opt 1, a mirror opt 
1 1 , the transmitting mirror opt12, laser radiation Optical Apparatus Sub-Division opt 2, the 
homogenizer opt 20, and the optical mask stage opt 22, projection optics equipment opt 23, 
and laser introduction window W 1 ] It minds and arrives at the substrate surface. Although two 
sets of excimer laser were illustrated here, as a luminous source, the number of an one or 
more set request can also be installed. Moreover, you may supply on a pulse using the source 
of CW light and high-speed shutters, such as pulse lasers, such as not only excimer laser but 
carbon dioxide gas laser, a YAG laser, etc., and argon laser. 

[0034] On the other hand, a plasma-CVD room is formed in the position from which RF 
electrode D 1 and the field where a substrate is arranged for plasma formation area D 2 by 
electrode D 3 in slight plasma closed **** were separated. A silicon oxide film can be formed 
on a substrate by supplying silane gas for oxygen and a helium to a plasma formation area 
using material gas introduction equipment D 4. 

[0035] The top view of the semiconductor thin film deposition system in which the form of 
operation of this invention is shown at drawing 7 is shown. Loading / unloading chamber C1, 
the plasma-CVD room C2, the substrate-heating room C3, the hydrogen-plasma-treatment 
room C4, the laser radiation room C5, and the substrate conveyance room C7 are connected 
through gate valve GV1-GV6, respectively. The laser light supplied from the 1st beam line L1 
and the 2nd beam line L2 is irradiated by the substrate surface through laser synthetic light 
study equipment opt1 , laser radiation Optical Apparatus Sub-Division opt2, and the laser 
introduction window W1. Moreover, gas introduction equipment gas1-gas7, the exhaust ventl - 
vent7 are connected, and, as for each process chamber and a conveyance room, supply of a 
desired type of gas, a setup of process pressure, exhaust air, and a vacuum are adjusted, a 
dotted line shows to a figure - as - the processing board sub2 sub6 is arranged on a plane. 
[0036] Drawing 8 is a process flow figure at the time of applying the semiconductor thin film ' 
deposition system of this invention to the manufacturing process of a thin-film transistor. 
[0037] (a) Form the substrate cover film T1 and the silicon thin film T2 one by one on the glass 
substrate subO from which an organic substance metallurgy group, particulates, etc. were 
removed by washing. Silang and oxygen gas are used as materials by the LPCVD (pressure 
reduction chemical vapor phase epitaxy) method as a substrate cover film, and 1 micrometer 
of silicon oxide films are formed at 450 degrees C. It is also possible by using the LPCVD 
method to cover the whole surface outside a substrate except for a substrate maintenance 
field (not shown). Or the plasma CVD which used tetra-ethoxy silane (TEOS) and oxygen as 
materials, It is also possible to use plasma CVD as shows the ordinary pressure CVD used as 
materials and drawing 8 TEOS and ozone etc. The material which can do nonproliferation of 
impurities harmful to the semiconductor device which substrate materials (glass which reduced 
alkali metal concentration as much as possible, silica glass which carried out polishing work of 



http://dossier 1 .ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3 A%2F%2Fdossier 1 %2Ei... 4/1 7/06 



JP,2001-326190,A [CLAIM + DETAILED DESCRIPTION] 



Page 16 of 18 



the surface, etc.) contain is effective as a substrate cover film. A silicon thin film is formed 
75nm in thickness at 500 degrees C by using disilane gas as materials by LPCVD. In this 
case, since the hydrogen atom concentration contained in a film becomes below in 1 atom %, 
the film roughness by the hydrogen desorption in a laser radiation process etc. can be 
prevented. Or even if it uses the plasma-CVD method performed at the plasma-CVD room C2 
as shown in drawing 7 , and the plasma-CVD method which has spread widely, a silicon thin 
film with low hydrogen atom concentration can be formed by adjusting substrate temperature, 
hydrogen / Silang flow rate, hydrogen / 4 fluoridation Silang flow rate, etc. 
[0038] (b) Introduce into the thin film deposition system of this invention after passing through 
the cleaning process for removing the substrate prepared at the above-mentioned (a) process 
for an organic substance metallurgy group, particulates, a scaling film, etc. The laser light l_0 is 
irradiated and a silicon thin film is reformed to crystallization silicon thin film T2\ Laser 
crystallization is performed in the atmosphere of 99.9999% or more of high grade nitrogen 
[ 700 or more torr of ]. 

[0039] (c) The substrate which passed through the above-mentioned process is conveyed at a 
plasma-CVD room through the back board conveyance room where gas was exhausted. As 
the 1st gate dielectric film T3, 10nm of silicon oxide films are deposited in 350 substrate 
temperature by making Silang, a helium, and oxygen into material gas. Hydrogen plasma 
treatment and heating annealing are performed if needed after this. Even this is processed in 
the thin film deposition system of this invention. 

[0040] (d) Next, form the island of a silicon thin film and a silicon oxide film cascade screen 
using photo lithography and etching technology. At this time, it is this better ** that the etching 
rate of a silicon oxide film chooses a high etching condition compared with a silicon thin film, it 
is shown in a figure - as - a pattern section - being stair-like (or tapered shape) - by forming, 
gate leak is prevented and a reliable thin-film transistor can be offered. 
[0041] (e) Next, after performing washing for removing an organic substance metallurgy group, 
particulates, etc., form the 2nd gate dielectric film T4 so that the above-mentioned island may 
be covered. Here, Silang and oxygen gas were used as materials by the LPCVD method, and 
30nm of silicon oxide films were formed at 450 degrees C. Or it is also possible to use plasma 
CVD as shows the ordinary pressure CVD used as materials and drawing 8 the plasma CVD 
which used tetra-ethoxy silane (TEOS) and oxygen as materials, and TEOS and ozone etc. 
Next, 80nm and 110nm of tungsten silicide films are formed for n+ silicone film as a gate 
electrode. The crystalline phosphorus dope silicone film of n+ silicone film formed by plasma 
CVD or the LPCVD method is desirable. Then, the gate electrode patternized T5 is formed 
through photo lithography and an etching step. 

[0042] (f1, f2) Next, the impurities injection region T6 and T6' are formed by using a gate as a 
mask. When forming a CMOS type circuit, p-channel TFT which uses photo lithography 
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together and requires n-channel TFT which needs n+ field, and p+ field is made and divided. 
Methods, such as ion doping which does not perform mass separation of the impurity ion 
poured in, ion implantation and plasma doping, and laser doping, can be taken. Impurities are 
introduced after [ which left the surface silicon oxide film like a use or the impurities 
introduction method (f (f 1 ) 2) then ] as or removing. 

[0043] (g1) The layer separation insulation film T7 and T7' are deposited, the opening back is 
formed for a contact hole and the metal wiring T8 is formed for metal by deposition, and photo 
lithography and etching (g2). As a layer separation insulation film, the TEOS system oxide film, 
the silica system spreading film, and the organic spreading film which can attain membranous 
flattening can be used. By photo lithography and etching, the contact hole opening can apply 
high melting point metals, such as the alloy and tungsten with which metal wiring made the 
base low aluminum of resistance, copper, or them, and molybdenum. Performance and a 
reliable thin-film transistor can be formed by performing the above processes. 
[0044] Drawing 9 prepares an alignment mark beforehand and the example at the time of 
performing laser radiation according to an alignment mark and drawing 10 explain the example 
in the case of forming an alignment mark simultaneously with laser radiation based on a TFT 
manufacturing process flow. Since it is fundamentally similar with explanation of drawing 8 , it 
explains focusing on an especially different point. 

[0045] Drawing 9 (a) The substrate cover film T1 and a tungsten silicide film are formed one by 
one on the glass substrate subO from which an organic substance metallurgy group, 
particulates, etc. were removed by washing. For formation of an alignment mark, it patternizes 
by photo lithography and etching and the alignment mark T9 is formed on a substrate. Next, in 
order to protect an alignment mark, the mark protection layer T10 is formed, and a silicon thin 
film is formed. 

[0046] Drawing 9 (b) At the time of laser light exposure, a desired field is exposed on the basis 
of an alignment mark. After that, a next step can be aligned on the basis of the alignment mark 
prepared beforehand and the alignment mark (not shown) formed of crystallization silicon thin 
film patterning. 

[0047] Drawing 10 (b) Crystallization alignment mark T9' which used the difference of 
reforming by exposure / un-exposing simultaneously with the exposure to a silicon thin film is 
formed in a silicon thin film. 

[0048] Drawing 10 (d) Eye doubling at the time of photo lithography is performed using 
crystallization alignment mark T9\ and the island of a silicon thin film and a silicon oxide film 
cascade screen is formed through an etching step. 

[0049] As mentioned above, although the form of operation was described by using excimer 
laser, such as XeCI, KrF, XeF, and ArF, as a luminous source, it is possible to use a YAG 
laser, carbon dioxide gas laser, the semiconductor laser of pulse luminescence, etc. besides 
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excimer laser. Moreover, it is applicable to formation of not only the semiconductor thin film 

represented by silicon but a crystalline thin film, and its formation equipment. 

[0050] 

[Effect of the Invention] According to this invention, the technology which forms a silicon thin 
film with small trap level density by optical irradiation could be offered, and the following effects 
were able to be acquired. 

[0051] 1) Conventionally, the beam oscillated from one set of a large-sized luminous source 
was branched with the 1st and 2nd beams, the optical-path-length difference was given to the 
1st and 2nd beams, and delay was given to the 1st and 2nd beams. In this invention, the area 
which can be processed to ****** was expanded by adding the 2nd source of pulsed light 
(small luminous source) which generates the 2nd optical pulse to the 1st source of pulsed light 
(small luminous source) which generates the 1st optical pulse. The cost which the luminous 
source addition by this invention takes was smaller than the cost which manufacture of the 
optical system which branches the beam oscillated from one set of the conventional large- 
sized luminous source with the 1st and 2nd beams, gives an optical-path-length difference to 
the 1st and 2nd beams, and gives delay to the 1st and 2nd beams takes. 
[0052] 2) This invention offers the effective reforming method of hydrogenation amorphous 
silicon membrane (a-Si:H). It became possible to carry out laser crystallization equivalent to a- 
Si currently conventionally formed by the LPCVD (low pressure chemical vapor deposition) 
method, without performing pre-heating etc. 



[Translation done.] 
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